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Abstract
This last chapter deals with the significant conclusions of the present study of nanocluster organization. It also outlines several general limitations of such chemically synthesized organized assemblies along with suggestions for the improvement of chemical stability and size dispersion. Finally the future prospects for next 5-10 years is presented within a broad perspective, keeping in view of the plethora of fundamental and technological interest shown by physicists, chemists, biologists, electronic engineers etc., in these classes of hybrid materials. The recent progress in the development of new methods for the organization of nanoparticles has been phenomenal in achieving the desired characteristics as revealed in this study and also by several other reports. 1-3 Self-assembled monolayer formation has proven to be the origin and the backbone of the synthesis of several unique classes of hybrid materials with promising potential in nanoelectronics. In particular, SAM of bifunctional molecules are very effective for organizing clusters at room temperature as demonstrated using various w-terminated organic molecules. As molecular interconnects, their flexibility to tune chainlength and terminal functional group play crucial roles for the ordered superstructure formation and most of the size and shape dependent properties of clusters, useful for several electronic components are not adversely affected by these organic molecules. 
Although there are well-established methods to get the nanoparticles and organized structures, in most cases their stability is not adequate. 4 In this regard, we focused our attention on the covalent assembly of stable Ag nanoparticle array on Au (111) modified with pentanedithiol and octancedithiol monolayers. Highly ordered silver nanocluster array formation was confirmed using various scanning probe microscopic techniques and also by the longitudinal periodicity observed in the low angle X-ray diffraction pattern. In contrast to only blocking behavior of SAMs, the superlattice exhibits interesting electrochemical properties in terms of redox accessibility. Miniband formation observed through PL studies confirms the quantum well type of behavior in this assembly. 
Subsequently, we were the first to demonstrate that even hydrophobic interactions could be used to organize Au nanoclusters with controllable cluster-cluster spacing. Since hydrophobic interaction provides a major unifying concept in understanding the structure and functions of several biological systems, this remarkable way of cluster organization may help to design the nanocluster arrays for biomolecular electronics. The hydrophobic method to achieve well ordered and close-packed arrays were studied for electron transfer process which demonstrate clear Coulomb blockade effect with larger band gaps for clusters passivated with longer chain molecules while nonlinearity decreases for passivating organic molecule having aromatic nature. A systematic study of the electrical behavior of these organized clusters shows reversible insulator to metal transition at low temperature when the inter-particle separation is much smaller than the size of clusters. The disorder due to the size and shape of the quantum dots and the orientational changes of the organic molecule is used to correlate the variation in the conductivity with temperature. 
All our studies indicate that the construction of three-dimensional superstructures with nanoparticles and organic molecules is possible with high degree of order and precision. These structures may become the ultimate candidates for communication in artificially created biological systems using nanotechnology. Due to their tunable size, unique properties and interlinking capability, they seem to be promising candidates to replace several facets of current technology. More attention is needed to synthesize new functional materials apart from selected metallic and semiconducting clusters (Au, Ag, CdS, CdSe, ZnS, PbS etc.), as there is a long way to go. 
In addition to the synthetic routes for surface modification, several key questions and challenges must be addressed, even though steady progress has been observed during the last decade. For the nanocluster organization to be used as building blocks to design electrical and optical properties, more accurate control is needed. Specific attention is required in many areas like: 
Assembling nanoclusters into symmetrically and spatially well defined arrays to control the electromagnetic interaction between the particles in the array. Establishing reliable, good electrical contacts with nanoclusters which can be individually addressed. Understanding the surface chemistry of nanoparticle/organic molecule interface. This is especially significant because surface bound molecules affect the optical and electrical properties of nanoclusters which can be favorably used for potential applications. Since these clusters have limited thermal stability, fundamental studies towards improving their stability in air and solution are urgently needed. Kinetics control using solvent, mixed monolayers, change of ionic strength and temperature is essential to get the exact size, morphology and shape of nanoparticles. The role of matrix in encapsulated nanoclusters is still unclear which severely affects the electrical/optical properties of these nanoclusters and their arrays. 
The relative stability of different structural phases is altered in nm regime, affected by both thermodynamic and kinetic features. Variations may arise from many reasons including surface energies, absence of defects or electronic quantum size effects. There is an immediate need to know more about the thermodynamic and kinetic phases of nanostructures. 8) 8) New discoveries are expected and needed in studies of single molecule nanoparticle interfaces for nanoassembly. Apart from the assemblies and utilization, the synthesis is an area where research will be focused to get precisely well controlled pure materials, because many properties of nanostructures depends on obtaining precise building blocks, means of creating and analyzing purity. Large scale synthesis will also be a prerequisite otherwise the area will be limited to very few applications. There is great opportunity in next decade that all these synthesis and techniques would be integrated with biological applications at interface. Specific biomolecule guided assemblies using DNA, proteins etc. along with size and shape tuned clusters would be useful for drug delivery, gene therapy and immuno therapy using suitable biosensors. Diverse nanoparticle assemblies with tailored optical/electromagnetic response in the infrared and submillimeter-wave spectral regions would be designed and fabricated. Thin-film device structures with passive or active control of electromagnetic properties in any region of choice from the visible to the millimeter-wavelength might be developed. Fabrication of an array-based all-optical device would be possible based on surface enhanced Raman response. The electronic properties of assemblies, such as applied field response, interparticle interactions and collective effects could be theoretically investigated. 
Apart from the reduction in size, the reduction in cost and energy consumption is going to put a great impact on environment and society. This will enable us to make several fascinating nano electronic circuitry and components for specific applications. Several fundamental scientific issues like electron transfer, exciton diffusion and plasmon coupling etc. would be solved which would help to design nano devices accordingly. Some of the most important applications, which will be revolutionized, would be sensors, optical devices, biomedical drug delivery in the area of healthcare, climate control and energy storage in devices. Thus it is hoped that the next 10-15 years may see unprecedented change in nanotechnology affecting directly our day-to-day life due to several innovative biomedical and electronic devices. 


